Introduction
In this paper we consider the problem of a wire in the presence of a hollow body of revolution (BOR) . The geometry of the wire/BOR configuration is depicted in Figure 1 , where one sees a hollow BOR with a circular aperture at the top of the hollow body. The plane of the aperture is parallel to the xy plane and the wire can be located inside the body, outside the body, or partially inside and partially outside. In special cases, the wire can be mounted on the body. The configuration depicted in Figure 1 is representative of many practical situations.
The coupling between a wire antenna and general bodies of revolution has been treated by several investigators [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . Glisson and Butler [1] have analyzed an arbitrarily-oriented, thin-wire antenna located near a BOR, but not attached to it, by a method incorporating a numerical Green s function. Newman and Pozar [2] used the sinusoidal reaction method to solve the integral equation for the current on composite wire and surface structures. Shaeffer and Medgyesi-Mitschang [3, 4] have investigated a thin wire attached to a BOR by introducing a special junction basis function. Richmond [5] treated a thin wire attached to a circular disk, and Perez-Leal and Catedra have determined the input impedance of a thin wire attached on-axis to a conducting BOR and fed at the attachment point [6] . For a dipole mounted on a cylinder, Tsai [7] developed a model which depends on the determination of the elements of an array of magnetic ring sources. Yung and Butler [8] studied the interaction between the radiating portion of the antenna and its feed system, and a hybrid technique, based on the method of moments and the geometric theory of diffraction, has been used to investigate the input impedance of a monopole located on a disk [9, 10] .
The coupling between the wire and the body has not been studied for the case where the wire is located partially inside the BOR shell and partially outside, and the full mode current on the two conductors has not been reported to date. In this paper, a technique is presented for modeling a wire antenna in the presence of a BOR, including the case where the wire is attached to the BOR surface. The total electric current induced on the wire and BOR is computed for different types of excitation, including antenna sources and incident plane waves. Full account is taken of the coupling between the wire and BOR, including the effects of the wire-to-BOR and BOR-to-wire coupling for all Fourier modes. The technique is based on the BOR theory alone and the wire and BOR are treated as either parts of a whole body of revolution or as two constituent parts of a composite body. In addition, the wire is not restricted to be thin. For the special case that a wire probe is mounted on the cap of a cylinder, the input admittance is measured and computed. Good agreement between measurements and numerical results is obtained. Figure 1 illustrates a wire in the presence of a hollow body of revolution. The wire can be located inside, outside, or partially inside and partially outside the hollow BOR. Both the wire and BOR are perfect conductors (pec) and the BOR is considered to have a vanishingly thin (shell) wall. They share a common axis and are treated as a composite body of revolution whose generating arc comprises that of the wire and that of the BOR. As usual, the body of revolution is generated by rotating its composite arc through 2 π radians about its axis. 
Formulation
where J t,m n,w and J t,m n,b are unknown coefficients, N t1 and N t2 are the numbers of unknowns on the wire and BOR, respectively. The generating arc is approximated by an arc comprising piecewise straightline segments joining points designated ..., n−1 , n , n+1 , ... that fall on the original arc. Λ n (t) is a triangle function defined on the genera ting arc in the usual way:
where t n−1 , t n , and t n+1 are the arc displacements measured from the reference at t = 0 to the (n − 1) th , n th , and (n + 1) th points on the original generating arc. The lengths of the straight-line segments joining points n−1 to n and points n to n+1 are designated ∆ 
are unknown coefficients and N φ1 and N φ2 are the numbers of unknowns on the wire and BOR, respectively. Π n−1/2 is a pulse function defined by
If the wire is attached to the BOR, the t -directed and φ -directed current on the wire and BOR can be simply expressed as
and
where N t and N φ are the numbers of unknown coefficients of the tdirected and φ -directed currents on the wire and BOR. We test the t -directed electric field equation by means of pulse functions
To test the φ -directed field equation, we choose point-matching:
where t q−1/2 is the mid point of segment q . An impedance matrix is formed and the expansion coefficients in (1), (3), (5) and (6) are computed by the usual moment method procedure. The excitation can be an incident plane wave or a voltage source. The incident electric field is assumed to be of the form
where E inc is the magnitude of the field, and θ is the angle between the z axis and the ray from the origin to the observation point. ρ, φ, z are cylindrical coordinate variables.
To determine the input admittance of a coax-fed wire attached to the BOR, one excites the wire by the field which penetrates the coaxial aperture. To model this coaxial source, one appeals to the equivalence theorem. The aperture is shorted and an appropriate surface magnetic current is impressed on this resulting conducting surface. The field from this magnetic frill current in free space is given by Butler and Tsai [11] . With this source, one can solve the coupled integral equations for the electric current on the wire and determine the input admittance of the wire antenna as the ratio of the electric current at this feed point and the voltage across the coaxial aperture. The far-field radiation pattern can be calculated by integrating the electric current on the wire and BOR against the far-zone, free-space Green s function:
where
(11a) and
jkr cos θ cos θ J 0 (kr sin θ sin θ )dt (11b) in which J t (t) is the t -directed electric current on the wire and BOR and L is the total length of the wire and generating arc of the BOR. J 0 (·) and J 1 (·) are the zero and first order Bessel functions.
Results
In this section, we present and discuss data obtained from solutions of the integral equations mentioned above and in the appendix. Also, in the case of selected configurations, we report experimental results obtained from measurements made on laboratory models. The experimentally-determined data serve to corroborate those obtained from the theoretical/numerical techniques. Several configurations of interest are treated. A cross-sectional view of a thin-wire antenna located in a circular aperture at the center of a circular disk is presented in Figure 2 . The antenna, perpendicular to the plane of the disk, is of length L = 1.5λ ( λ being wavelength) and radius a = 0.001λ and is excited by a voltage source located at a displacement of z = L g = 1.125λ from the lower end of the wire. The disk and aperture radii are R = 10λ and r = 0.1λ , respectively.
In Figure 3a is depicted the current on the thin-wire antenna of Figure 2 in free space (no circular disk), which is excited by a one-volt slice generator. In Figure 3b is shown the current on the same wire subject to the same excitation as in Figure 3a , except in this case the disk is returned at the wire center ( d = 0.75λ ). One observes from Figure 3a and Figure 3b that the currents in the two cases are almost the same, which implies that the pec disk has virtually no effect on the wire current as one expects, because the disk is located at a position corresponding to a zero derivative of electric current where the radial electric field due to the wire current is zero or small. With the disk located at z = d = 0.375λ where the current has a large derivative, corresponding to a position of large charge density, it has a strong influence on the wire current as can be seen by a comparison of the current presented in Figure 3c with that presented in Figure 3b . The values of the current distributions of Figures 3b and 3c on the wire through the hole in the large conducting disk are very close to those on the wire through the hole in a pec screen reported by Butler and Martin [12] . The influence of a circular disk having large diameter to wavelength ratio on the current on a wire through its center hole is essentially the same as that of a pec screen on the current on a wire through a hole in such a screen. The radial electric field normal to the wire surface is parallel to the surface of the pec disk and, hence, interacts with the disk. Because this electric field is proportional to the charge on the wire or, equivalently, to the derivative of the wire current, one does expect the presence of the disk at a location of rapidly changing current, i.e., large derivative, to strongly influence the wire current, as is observed to be the case in the data presented here. On the other hand, as is evident from Figure 3 , when the disk is located at a point where the derivative is small, it has little influence on the wire current. In Figure 4 is an illustration of a wire in the presence of a hollow tube with closed bottom and open top, with the two bodies sharing a common axis. The wire is of length L = 0.3λ and radius b = 0.01λ , and the thin-wall "cup" is of height H = 0.5λ and radius a = 0.125λ . The excitation is an incident plane wave (Eq. (9)). The total t -directed and φ -directed electric currents on the cup, normalized with respect to the magnitude of the incident magnetic field ( H inc ) times (1/ η ) (see figures), are shown in Figure 5 for the case in which the wire is located outside the cup ( s > H ). Since the two components of current are dependent upon φ , these data are presented as families of curves of current for selected discrete values of φ around the cup. Notice that the total t -directed and φ -directed currents on the cup are functions of φ and t and that the φ -directed current approaches infinity at the edges of the cup. However, the total electric current on the wire depends only slightly on φ and the φ -directed current is approximately zero, or is very small compared to that in the t direction, except at the two edges, as is seen in Figure 6 . The lower end of the wire for the data of Figure 6 is at z = 1λ and the upper at z = 1.3λ . The currents of Figures 7 and  8 are for the case that the wire is partially inside and partially outside the cup (s = 0.35λ) , with the lower end of the wire now at z = 0.35λ and the upper end outside the cup at z = 0.65λ . One observes from Figures 5 and 7 that the cup currents are essentially the same for the different wire locations, even though, as seen in Figures 6 and 8 , the wire currents are quite different. Hence, one concludes that the wire to cup coupling is weak, i.e., the influence of the wire current on the cup current is small. For the special case in which the wire is a monopole (antenna) mounted on and driven against a finite-length cylinder end cap, erected over a ground plane (Figure 9 ), the reflection coefficient at the end capwire junction is obtained and presented in Figure 10 . Γ is determined experimentally in order to corroborate the theoretical results. In the experimental model, the antenna is the extended center conductor of an 0.085 mil semi-rigid coax which is fed through an access hole in the ground plane. Measurements were made with an HP8510B network analyzer.The input admittance at the base (coax aperture) is obtained from the theory and from measured data. Good agreement between the measured and numerical results is observed in Figure 11 . The current on a "shielded" wire antenna is depicted in Figure 12 . The wire is on the axis of a "capped cup" and extends through a circular hole in the cup s upper end cap as suggested in cross-section in the insert of Figure 12 . The antenna, which is of total length L = 0.75λ and radius b = 0.001λ , is driven at its base against the interior surface of the cup s lower end cap. The total height of the cup is H = 0.5λ and its radius is a = 0.125λ . The diameter of the hole in the upper end cap is d = 2a 1 = 0.125λ . In Figure 12 are shown values of the t-directed electric current on the thin-wire antenna and on the cup due to a one-volt slice generator. To read the values of current from Figure  12 , at points on the structure, one begins at t = 0 at the top end of the exposed wire where the current is zero, proceeds downward in the direction of positive t displacement to the point where the wire is driven against the interior side of the cup bottom, moves radially outward on the cup bottom, then up to the upper cap, and finally inward on the cup cap to the edge of its hole where the current is again zero. Even though only one-third of the wire is not shielded by the cup, substantial radiation takes place as one infers from the observation that the real part of the current is significant (actually large) compared to the imaginary part. 
